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Abstract 
 
Wave-particle duality is one of the fundamental properties of matter and at the same 
time, one of the mysteries of modern physics. In this paper, we propose and analyze a 
new interpretation of the wave-particle duality, and propose a new rule that relates the 
corpuscular and wave properties of quantum particles, and replaces the Born‘s rule. 
We introduce a new representation about quantum particles as temporary objects that 
are born permanently in a wave field and spontaneously decayed due to their 
“instability”. Thus, we fill with the physical meaning the standard notions of 
“creation” and “annihilation” of the particles, used in the second quantization 
formalism. We show that the traditional probabilistic interpretation of quantum 
mechanics in the form of the Born’s rule is an approximate consequence of the 
proposed theory. The proposed theory allows explaining the indistinguishability of 
quantum particles and shows meaninglessness of the concept of their trajectories. We 
give an explanation of the Heisenberg uncertainty principle within the limits of this 
theory in terms of classical physics that allows us to return to an objective 
understanding of the measurement process and do not consider it as a compulsory 
part of the physical process. 
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I. INTRODUCTION 
 
Wave-particle duality is one of the fundamental properties of matter and also one of the 
mysteries of modern physics. 
It was first introduced by A. Einstein in 1905 [1], who showed that when light is treated as a flux 
of particles (quanta) with energy ωh  that interact with the particles of a substance according to 
classical mechanics, one can explain all known laws of photoelectric phenomena. The discovery 
of the Compton effect [2] became a triumph of the corpuscular hypothesis, which was easily 
explained by treating light as a flux of Einstein’s quanta that possess energy ωh  and momentum 
cωh . Later, it became clear that other interactions of light with matter (the photochemical 
effect, fluorescence, etc.) have simple explanations if light is considered to be a flux of quanta, 
but are difficult to explain if light is considered to be a continuous wave. Conversely, the 
interference and diffraction phenomena cannot be explained if light is considered to be a flux of 
particles (quanta), but are naturally described within the limits of the classical wave theory. 
Thus, the entire set of experimental evidence indicates that in some experiments, light behaves 
like a wave, while in others, light behaves as a flux of quanta, or photons. 
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Precision experiments [3] have shown that the wave properties of light cannot be considered a 
property of the photon flux (which could be interpreted as a result of interactions of the particles 
in the flux); it was found that each individual photon should possess wave properties and can 
undergo interference. 
Discovery of the wave-particle duality formulated some fundamental problems, the most 
important of which were the following: (i) how can a type of matter (light) possess such 
incompatible (in terms of classical physics) properties, specifically both wave and particle flux 
properties? (ii) what is a photon? These problems were posed by A. Einstein himself, who made 
several attempts to answer them [4-6], but was not able to do so. 
On 12 December 1951, A. Einstein wrote to M. Besso: "All these 50 years of conscious brooding 
have brought me no nearer to the answer to the question: What are light quanta?"  
After more than 100 years since the introduction of the wave-particle duality into physics, we 
can repeat A. Einstein’s statement that we are not able to answer the question: what is a photon? 
Modern quantum theory provides a formal answer to these questions, abandoning the classic 
images of waves and particles. Compatibility between the wave and corpuscular properties of 
light in quantum theory is achieved using a probabilistic interpretation of optical phenomena that 
can be simply described as follows: “the probability of photon localization at some point is 
proportional to the intensity of the light wave at this point, calculated on the basis of the methods 
of wave optics” [7] 
〉〈 2~ En       (1) 
where n  is the “concentration” of the photons at a given point, E  is the strength of the electric 
field of the light wave at this point and 〉〈...  indicates an averaging over time. 
The idea of wave-particle duality provided a significant boost to all of physics in the early 20th 
century. 
In 1924, Louis de Broglie generalized the wave-particle duality to all forms of matter [8]; it 
turned out that not only light, but also ordinary matter, has both corpuscular and wave properties. 
Later, it was experimentally demonstrated in a series of magnificent and ingenious experiments 
that a variety of particles (electrons, protons, neutrons, atoms, and molecules) possess wave 
properties [9-15]; moreover, these properties could not be ascribed to a flux of particles, but 
rather to individual particles [10]. Very recently, it was found that even macroscopic particles 
can demonstrate wave-particle duality [16]. However, the latter, in our opinion, should be 
considered a classical analogy, rather than a possible interpretation of quantum laws in the 
microcosm. 
With the advent of quantum mechanics, the problem of interpreting the wave-particle duality has 
been additionally exacerbated. We note that the interpretation of quantum mechanics, in the end, 
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is reduced to attempts to explain the wave-particle duality. One can say that the different 
interpretations of quantum mechanics are, in fact, the different explanations of the wave-particle 
duality. 
A formal (canonical for modern physics) explanation of the wave-particle duality is given by the 
Copenhagen interpretation of quantum mechanics [7], which is based on (i) Born’s probabilistic 
interpretation [17], which, in fact, generalizes the probabilistic interpretation for photons (1) to 
any kind of matter; (ii) the Heisenberg uncertainty principle [18], and (iii) Bohr’s 
complementarity principle [19], which states that in some experiments, a quantum object 
behaves like a wave, while in others as a particle, and these properties never appear 
simultaneously. The Copenhagen interpretation is agnostic (irrational) because it states that, in 
principle, it is impossible to imagine these objects that we call quantum particles (photons, 
electrons, etc.). It proposes that our knowledge, which is based on the classical images obtained 
in the macrocosm, is limited and simply unable to accept that which belongs to the microworld 
[7]. 
Whilst the Copenhagen interpretation is shared by many modern physicists [20], it is not 
universally accepted. Despite its undeniable assistance in the formal interpretation of quantum 
phenomena (and especially the results of mathematical theory), the Copenhagen interpretation 
causes dissatisfaction on the part of physicists. This explains the incessant efforts to find a more 
reasonable interpretation of the wave-particle duality, one that is compatible with the classical 
images and classical way of thinking. Such an interpretation, if possible in principle, could be 
called a rational one (contrary to the irrational Copenhagen interpretation) because it would only 
be enacted using the classic pictorial images. 
Attempts to give a rational explanation for quantum phenomena have resulted in a number of 
witty and more or less fantastic interpretations of quantum mechanics [20-26]. 
However, we can say that at present, there is no consistent rational interpretation of the wave-
particle duality, and, as a consequence, all of quantum mechanics. Actually, at present, we have a 
well-composed mathematical theory; however, we cannot imagine what object it actually 
describes. 
It is a quite common view that a rational interpretation of quantum mechanics is impossible in 
principle. 
In this paper, we will attempt to refute this opinion. 
We show that not all the possible interpretations of the wave-particle duality have been 
considered yet. In particular, we propose a new interpretation, which we call “a rational 
interpretation”, based on clear classical concepts of waves and particles; however, the link 
between these quantum object properties is new. 
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II. PHOTONS 
 
In this interpretation, we will proceed from the assumption that photons exist objectively. 
Both corpuscular and wave properties of light can be observed by projecting the diffraction 
pattern on a photographic plate. A sequence of dark and light fringes observed on the 
photographic plate, under the microscope, is composed of discrete points, which is interpreted as 
the point of impact of single photons on a photographic plate. Thus, the dark and light fringes are 
the areas on which, respectively, large or small number of photons impinge. The observed 
diffraction pattern is in complete agreement with expression (1). This indicates that the photons 
are distributed non-uniformly in the diffracted light beam. If one shines a plane light wave on the 
same screen of photosensitive material, its action at all points of the screen will be the same, 
causing a uniform blackening of the photographic plates. In other words, the plane waves of light 
can be represented as a uniform flux of photons (at least on the average for the time of exposure). 
Thus, we can conclude that the diffraction and interference of a plane light wave leads to the 
redistribution of photons in the light beam; as a result, the distribution of photons in space 
becomes non-uniform. 
The reason for the non-uniform redistribution of photons in the light beam due to interference 
and diffraction cannot be explained using the concept of the photon as an unchanging classical 
particle. 
The double-slit experiment [27] is traditionally used for directly demonstrating wave-particle 
duality. This experiment is considered to be a test of new interpretations of the wave-particle 
duality; any interpretation that fails to explain the double-slit experiment does not merit notice. 
However, we believe that the Wiener experiments [28] are more suitable for this purpose. These 
experiments are a direct demonstration of the redistribution of photons in space due to the 
interference of plane light waves. 
All known alternative interpretations of the wave-particle duality [20-26] explain the double-slit 
experiment in some way; however, they often find themselves powerless to explain the Wiener 
experiments. 
Wiener [28] investigated the field of a standing light wave that was formed by reflection of an 
incident plane wave from a mirror. A thin photographic emulsion film, which was located at a 
very small angle relative to the reflecting surface, was placed in the field of the standing light 
wave. In the first experiment, Wiener investigated the normal incidence of the light beam on the 
mirror. After developing the film, black equidistant fringes and transparent intervals between the 
fringes were found. Analysis of the optical field in these experiments and comparison with the 
pattern on the photographic film shows that the black fringes correspond to the areas in the 
5 
vicinity of the maxima of the electric field 2E , in complete agreement with interpretation (1). If 
we remove the mirror (i.e., acting on the same film only by a single incident plane wave), the 
blackening of the film, as expected, is uniform. Thus, the interaction of the incident and reflected 
light beams leads to a redistribution of photons in space; the uniform distribution of the photons 
in the incident and reflected waves becomes significantly non-uniform in the standing wave. 
Similar experiments were performed with fluorescent [29] and photoemission films [30], which 
were used as standing wave detectors, instead of the photographic emulsion used by Wiener. In 
these cases, the maximum effect was also found in the antinodes of the electric field, which from 
the corpuscular perspective means that in these areas there is an “enhanced concentration of 
photons”. 
In the second experiment, Wiener [28] used his setup to investigate interference phenomena in 
linearly polarized light at an incidence angle of 45°. He found that if the direction of electrical 
oscillations in the incident light was perpendicular to the incidence plane, the dark areas in the 
emulsion form a set of equidistant parallel fringes; this corresponds to essentially a non-uniform 
distribution of photons in space. However, if the vector of electrical oscillations in the incident 
light lay in the plane of incidence, the blackening of the film was uniform, and consequently, the 
photons in space were distributed uniformly. All these results are in complete agreement with the 
wave theory [31] and with the traditional quantum interpretation (1). However, attempts to 
explain the non-uniform redistribution of photons in space in these experiments, within the limits 
of the concept of photons as classical particles, have been unsuccessful. One can state that all 
attempts to combine the wave and particle properties of light based on interpretation (1) have 
failed. 
In our opinion, the probabilistic interpretation based directly on expression (1) is precisely the 
reason for the conflict in physics, which we call the wave-particle duality. 
We show that the rejection of the probabilistic interpretation of experimental facts in the form of 
(1) and its replacement by a more general relation, as well as the abandonment of the idea of the 
photon as an unchanging particle, allows one to resolve this logical conflict without 
contradiction and to use classic visual images to explain the quantum phenomena. 
Let us make the following basic assumptions: 
1. A wave is primary; i.e., only a continuous field that can be described by the Maxwell 
equations (at least in classical experiments with interference) exists. 
2. Photons are temporary formations that are periodically born and perish in space, and the 
processes of their creation and destruction are determined by the total wave field resulting from 
the interference of different waves at a given point and time. 
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3. The rate of creation of photons at a given point depends on the intensity of the total electric 
field of the wave at that point: 
2Eγν =+                                                                   (2) 
where +ν  is the number of photons generated per unit volume per unit time and γ  is a constant. 
4. Photons are unstable formations that have a mean lifetime τ  and spontaneously decay 
independently of each other. The rate of disappearance of photons −ν  (the number of photons 
that disappear per unit volume per unit time) can be described by a relation similar to that for 
radioactive decay 
n
τ
ν
1
=−                                                                    (3) 
We note that this does not violate the energy conservation law because it is assumed that the 
energy required for photon creation is taken from the wave field E  (one can say that the field 
gives birth to photons) and it returns to the wave field after the spontaneous decay of the photon. 
Therefore, for photon concentration n , one can write the kinetic equation 
−+ −= νν
dt
dn
                                                            (4) 
which, when taking into account expressions (2) and (3), becomes 
n
dt
dn
τ
γ
12 −= E                                                              (5) 
Equation (5) has the solution 
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Using (6), it is easy to calculate the mean photon concentration at a given point: 
〉〈=〉〈 2Eγτn       (7) 
Expression (7) exactly coincides with relation (1), which is the basis for the probabilistic 
interpretation of quantum mechanics. However, as we see, it is only a consequence of the more 
general principle stated above and described by equation (5). 
According to the modern concept of quantum mechanics, all the energy of light is transported by 
photons. Without discussing this statement in detail, we will use it as a basis. In this case, we 
must then write 
π
ω
4
2〉〈
=〉〈
E
nh      (8) 
Comparing (7) and (8), one obtains 
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ωπ
γτ
h4
1
=       (9) 
Thus, equation (5) can be written in the form 
( )n
dt
dn
ωπγ h42 −= E       (10) 
It follows that for large wave intensities 2E , one can describe the photon concentration, which 
corresponds to the classical limit of quantum theory [32]. At low wave intensities 2E , one can 
only relate the probability to detect a photon at a given point. In this case, expressions (2) - (5) 
retain their forms; however, n  should be considered the probability density of finding a photon 
at a given point, while +ν  and −ν  are, respectively, the probabilities of creation and destruction 
of photons per unit time per unit volume. 
The fundamental point of this theory is the permanently occurring process of formation (birth) of 
photons from the wave field and their spontaneous decay. It allows the wave and particle 
properties of light to be combined consistently in a single theory. In fact, due to the interference 
of waves, a redistribution of the intensity of radiation in space occurs in accordance to classical 
electrodynamics (optics). Simultaneously, due to the destruction and creation of photons, a 
redistribution of the “photon field” occurs in space; the distribution of photons in space almost 
instantly adjusts to the new distribution of the wave field intensity. 
We note that the creation and destruction of the photons are by themselves not new concepts in 
quantum physics. In fact, the second quantization formalism with its creation and annihilation 
operators initially acts via the “creation” and “annihilation” of particles and considers all 
processes (including the motion of particles in space) as the annihilation of particles in one state 
and their birth in another. A new theory has proposed that photons are created by the wave field 
and that the rate of their creation (2) depends on the intensity of the total wave field at a point, 
which can (at least approximately) be calculated according to the laws of classical 
electrodynamics or wave optics. 
Let us consider what consequences follow from the proposed theory. 
We argue that if photons really exist, they should be considered temporary formations that 
randomly appear at different points in space and spontaneously decay over a time τ . This means 
that we cannot trace a single photon, and, moreover, cannot say that a photon detected at a given 
point, for example, after interacting with an electron, is the same photon that was previously in 
another point in space and moved to this point. Thus, it is not sensible to talk about the trajectory 
of a photon. As known from quantum mechanics, the rejection of the concept of the trajectory of 
particles (photons) is necessary to avoid controversy in the interpretation of experimental 
evidence. The proposed theory shows that the concept of photon trajectories in principle has no 
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meaning and thus provides a natural justification of this postulate of quantum theory. For the 
same reason, we can say that all photons are indistinguishable particles. The indistinguishability 
of particles (photons) in quantum mechanics is also introduced as a postulate to avoid conflict 
with the experimental data; in our theory, the indistinguishability of particles is a natural 
consequence. In fact, it is impossible to understand the indistinguishability of particles that are 
treated as unchanging classical corpuscles. However, if the photons are temporary formations, in 
principle, we cannot mark them in any manner and cannot say that a given photon is a 
“successor” of any other photon that had previously existed at another point in space. 
Let us consider how one can understand the statement that photons are created and perish 
periodically in space and that the processes of creation and annihilation are determined by the 
total wave field at a given point. This can be easily interpreted if the photons are considered clots 
of the field. To do this, we must assume that the actual light field (i.e., the electromagnetic field) 
is a classical nonlinear field and that uniform monochromatic waves of such a field are 
absolutely unstable; small disturbances of the field, which always exist, begin to grow 
indefinitely, forming a compact area with high field strength. The field strength in these clots can 
significantly exceed the mean intensity of the (linear) field. If a particle (e.g., an electron) arrives 
at these areas, the action on it from the field will be pulsed and stronger than that of the mean 
field; in experiments, this is considered a collision of an electron with a quantum of the wave 
field, i.e., with a photon. After reaching the maximum amplitude, the clot begins to “dissipate” or 
decay due to its instability, which would be perceived as spontaneous decay of a photon. The 
number of the most unstable perturbations (i.e., the perturbations with the highest growth rate, 
which will survive after competition with other field disturbances) per unit volume should be 
approximately 2~ E . This means that the critical wavelength Λ  of unstable field disturbances 
must satisfy the condition ωh~32 Λ〉〈E . We assume that the “germs” of photons (critical 
disturbances) have approximately the same sizes in all directions, i.e., are isotropic. 
We note that this scheme is not particularly unique; nonlinear waves that have similar properties 
are well known in physics. For example, in nonlinear optics, there exists a filamentation 
phenomenon - the collapse of an intense laser beam due to the nonlinear Kerr effect [33-35]. 
Under certain conditions, so-called multiple filamentation occurs [34,35], resulting in a laser 
beam divided into multiple clots, or filaments (sometimes called light bullets), the energy density 
of which is many orders of magnitude greater than the energy density of the initial (linear) beam. 
Each filament transports approximately the same amount of energy. These clots (filaments) are 
unstable formations and dissipate quickly. The creation-destruction process of filaments is 
repeated. As a result, the laser beam after filamentation is not a smooth continuous wave, but 
9 
rather a flux of energy clots (filaments) with an extremely large (compared to a linear optical 
wave) energy density that are permanently created and annihilated due to the instability of the 
nonlinear field. Here, we can see a direct analogy between the phenomena of multiple 
filamentation of an intense laser beam and the process described above of the formation and 
decay of photons in a hypothetical non-linear electromagnetic field. Of course, we cannot 
completely identify photons with filaments, as the latter have (i) a different nature (filamentation 
occurs only in a nonlinear optical medium - gases and liquids - while photons exist even in 
vacuum), (ii) different parameters (the filament sizes are significantly larger than the length of 
the carrier wave, while in the classical limit of quantum electrodynamics, [32] “the size of the 
photon” should be much smaller than the wavelength), and (iii) different behaviour (multiple 
filamentation occurs when increasing the intensity of the laser beam above the critical value, 
while the quantum properties of light appear more strongly for less intensity, i.e., approaching 
the linear limit - Maxwell's equations - corresponds not to low intensity of light, but rather high 
intensity). However, the example above shows that the well-known nonlinear phenomena in the 
electromagnetic waves are quite consistent with the rational interpretation of the wave-particle 
duality of light developed in this paper. 
 
III. NON-RELATIVISTIC MATTER 
 
The theory developed above can easily be extended to non-relativistic matter. 
In non-relativistic quantum mechanics, particles (electrons, protons, neutrons, etc.) are described 
by a complex scalar wave function ),( rtψ , which obeys the Schrödinger equation. Thus, the 
Schrödinger equation describes the continuous field ),( rtψ  that reflects the wave properties of 
quantum particles, similar to how the electric and magnetic fields reflect the wave properties of 
light. The relationship between the wave and corpuscular properties of quantum particles is 
established by Born’s rule [17]: 
2
),(),( rr ttp ψ=      (11) 
where ),( rtp  is the probability density of finding the particle at a given point. 
Born’s rule (11) is a direct generalization of rule (1) relating the wave and particle properties of 
light and represents a mathematical expression of the wave-particle duality of non-relativistic 
quantum particles. 
Thus, quantum mechanics, in fact, consists of two independent parts: the wave equation (e.g., the 
Schrödinger equation), which describes a continuous field ),( rtψ  reflecting the wave properties 
of particles, and Born’s rule (11) reflecting the corpuscular behaviour of particles. 
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Born’s rule is an independent postulate that does not follow from the wave equation. There have 
been attempts to derive Born’s rule from within standard quantum mechanics. For example, W. 
H. Zurek presented a derivation of Born’s rule based on a mechanism termed “environment-
assisted invariance” [36-38]. However, it should be noted that this derivation cannot be 
considered physical. It is rather an attempt to find a class of systems for which Born’s rule is 
obeyed. 
It is easy to see that the probabilistic interpretation of the wave function, based directly on 
Born’s rule (11), is precisely the reason for the conflict in physics called the wave-particle 
duality. Despite numerous attempts to date, all have failed to construct a theory that, using the 
classical images of wave and particle, allows one to obtain Born’s rule (11) in a non-
contradictory manner. All attempts to combine the wave and particle properties of the particles 
on the basis of rule (11) have failed. It is for this reason that the complementarity principle [19] 
became one of the guiding principles in quantum mechanics. 
By analogy with photons, the wave-particle duality of non-relativistic particles can be explained 
if we abandon the image of quantum particles as unchanging point objects that permanently 
move in space. 
Let us make the following basic assumptions: 
1. The wave is primary. This means that we consider the continuous field ),( rtψ  that can be 
described by the wave equation, e.g., by the Schrödinger equation, as a real physical field, like 
the electromagnetic field. In our opinion, the complex wave function ),( rtψ  is a simplified form 
of the description of an actual physical field. We assume that the frequency of this wave is 
related to the rest mass of the particle by h2mc=ω  and significantly higher than the frequency 
hE , where E  is the non-relativistic energy of the particle. 
2. The particles (electrons, protons, etc.) are temporary formations that are periodically created 
and annihilated in space, and the processes of their creation and destruction are determined by 
the total wave field ),( rtψ  at a given point and time, i.e., by the field resulting from the 
interference of different waves. 
3. The rate of particle creation at a given point depends on the intensity of the total wave field at 
this point, ),( rtψ . 
The fundamental point of this theory is the postulate that the field can create particles. Particle 
creation is a random process, most likely associated with a nonlinearity of the real field and with 
the disturbances that always exist in space. For this reason, the process of particle creation is 
characterized by a probability of creation during the time dt  in the volume rd : dtdt rr),(+ν . 
Generalizing expression (2), we can postulate: 
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h
2
),( rtψ
γβν =+      (12) 
where γβ ,  are numerical constants. 
Thus, we argue that in contrast to Born’s rule (11), it is the probability of particle creation per 
unit time per unit volume that is proportional to 
2
),( rtψ  and not the probability density of 
finding the particle at a given point. 
4. The particles are unstable formations that have a mean lifetime τ  and spontaneously decay 
independently of each other. Thus, it is assumed that the process of particle annihilation is also a 
random one, and the particles are annihilated independently of the field intensity ),( rtψ  and the 
presence of other particles (we do not consider here the classical electromagnetic interaction of 
charged particles). For this reason, the annihilation process should be considered a spontaneous 
process that is characterized by the mean particle lifetime 
1)( −= γωτ        (13) 
In this case, the rate of particle annihilation −ν  (the probability of particle decay per unit volume 
per unit time) is given by a relation similar to that for radioactive decay 
p
τ
ν
1
=−                                                                    (14) 
We note that this does not violate the conservation energy law, as it is assumed that the energy 
required for particle birth is taken from the wave field ),( rtψ  (the field creates the particles), and 
after spontaneous decay of the particles, it returns to the wave field. 
Thus, for the probability density ),( rtp  of finding the particle at point r  at time t , one can write 
a kinetic equation similar to equation (4) 
−+ −= νν
dt
dp
                                                            (15) 
which when taking into account expressions (12)-(14), takes the form 
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For a given field ),( rtψ , which can be found, for example, by solving the wave equation, the 
probability of finding the particle at a given point is determined by the solution of the kinetic 
equation (16): 
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Because any measurement is always associated with averaging (due to the inertia of the devices), 
the instantaneous probability ),( rtp  is not of practical interest; however, its mean (observed) 
value, as follows, is: 
〉〈= ),(),( rr tptρ      (18) 
It is easy to calculate the mean (over time t ) probability density of a particle, finding: 
),(),(),(
2
rrr tp
t
ttp
τ
ψ
γβτ
−〉〈=〉〈
h
    (19) 
where 
∫ ′′=〉〈
t
tdt
t
t
0
22
),(
1
),( rr ψψ      (20) 
is the mean intensity of the wave field at a given point. 
Because ),( rtp  is limited at ∞→t , one obtains 
〉〈= 2),(),( rr tt ψ
ω
β
ρ
h
     (21) 
In particular, for the stationary field, we find 
22
),(),( rr tt ψψ =〉〈       (22) 
A similar result is obtained for a slowly varying field ),( rtψ . 
Let the characteristic time T  of a change of the field ),( rtψ  satisfy the condition 
τ>>T       (23) 
Then, expression (17) can be approximately written as 
2
),(),( rr ttp ψ
ω
β
h
=      (24) 
Expression (24) coincides with Born’s rule (11), which lies at the basis of the probabilistic 
interpretation of quantum mechanics. However, as we see, it is only a result of the more general 
principle stated above that is described by the kinetic equation (16). 
For the wave function of a single particle, we use the conventional normalisation accepted in 
quantum mechanics 
1),(
2
=∫ rr dtψ      (25) 
Due to the linearity of the Schrödinger equation, the choice of normalisation of the wave 
function does not affect the result and leads only to a change in the constant β . 
Taking into account condition (25) and the normalisation of probability density 
1),( =∫ rr dtp       (26) 
we find, in the limit of (24) 
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ωβ h=       (27) 
Thus, equation (16) takes the form 
( )pt
t
p
−=
∂
∂ 2
),(rψγω     (28) 
while the observable (24) is described by the expression 
2
),(),( rr ttp ψ=      (29) 
We see that Born’s rule (11) results from our theory and follows from the exact solution (17) of 
the kinetic equation (28). 
Let us note that, despite the fact that the proposed interpretation and traditional Copenhagen 
interpretation based on Born’s rule (11) give nearly the same results, there is a fundamental 
difference between them. The Copenhagen interpretation immediately postulates a relationship 
between the wave function and the probability of finding the particle at a given point (11), and 
the particle is considered an unchanging point object, that is, it always exists, but it appears at 
different points in space with a different probability. It is impossible to imagine such a particle 
and a classical model built for it, despite many attempts that have been made [20-26]. 
The proposed theory considers all particles as temporary formations (field bursts, or clots) that 
are only perceived in the experiments as particles. These formations can be created and 
annihilated with some probability that is determined by the intensity of the wave field ),( rtψ . In 
this interpretation, the only continuous field (wave) is a primary and physically realistic one. 
As we noted in the previous section, creation and annihilation of particles are not new concepts 
in quantum physics, as second quantization formalism with its creation and annihilation 
operators initially manipulates the particles and interprets all processes as the annihilation of 
particles in one state and their creation in another. The new concept in our theory is that the 
particles are created by the wave field ),( trψ , and the rate of creation (12) depends on the 
intensity of the total wave field at a given point, which can be calculated from the wave 
equations, e.g., the Schrödinger equation. 
By analogy with photons, this theory allows one to understand and explain the principle of 
indistinguishability of quantum particles and renders meaningless the concept of the particle 
trajectory. Assuming that a particle is a temporary formation that is created and annihilated in the 
wave field ),( trψ , we immediately come to the principle of indistinguishability of particles and 
lack of their trajectories. 
It is easy to show that in the proposed theory, the Heisenberg uncertainty principle loses its 
mystical meaning regarding the fundamental limitations on the accuracy of the measurement of 
the particle parameters and acquires a quite classical sense. In fact, for each detection of an 
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interaction of the particle with a device, we deal with different “particles”. Each newly created 
particle has a momentum from some range, which is determined by the parameters of the wave 
field. In this case, the Heisenberg uncertainty relation only states that, the more characteristic 
spatial size of the wave field (the width of the wave packet), the smaller is the range of possible 
values that exist for the momenta of different particles created by the field and vise versa. 
Together with the mystical meaning of the uncertainty relations, the mystical meaning of the 
concept of measurement underlying the Copenhagen interpretation [7,39] disappears. We can 
now return to the classical notion of measurement and to the objective properties of quantum 
particles, independently of whether we carry out any measurements with them or not, and, in 
general, independently of the fact of our existence. 
For the same reason, the Einstein-Podolsky-Rosen paradox [40] loses its significance, as well as 
Bell’s theorem [41] as applied to a quantum particle as a temporary formation that does not 
possess a trajectory. 
 
IV. CONCLUDING REMARKS 
 
In this paper, we proposed a new interpretation of the wave-particle duality and demonstrated the 
feasibility of its use in explaining optical and, in general, quantum phenomena. 
Let us summarize briefly the results of this work. 
1. The proposed theory allows resolution of the conflict associated with the interpretation of the 
wave-particle duality. 
2. We introduced a new concept of quantum particles as temporary objects permanently being 
created in the wave field and spontaneously decaying due to their instability. Thus, we filled, 
with a direct physical meaning, the standard notions of “creation” and “annihilation” of the 
particles used in second quantization formalism. 
3. We substantiated the traditional probabilistic interpretation of quantum mechanics - Born’s 
rule, which follows from our general concept. 
4. We have shown the meaninglessness of the concept of the trajectory of quantum particles. 
5. We explained the principle of indistinguishability of quantum particles. 
6. We gave a natural (classical) explanation of the Heisenberg uncertainty principle: it only 
limits the values of momentum of the particles that can be created in the wave field and, 
therefore, can be detected experimentally. This removes the mystical veil from the Heisenberg 
uncertainty principle, which is attributed to the Copenhagen interpretation upon which it is built. 
For this reason, we can return to the classical notion of measurement, treating all processes as 
objective, regardless of whether we performed a measurement or not, to predict the quantum 
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phenomena as such, and not treating the measurement process as a mandatory part of the 
physical process. 
The proposed interpretation of the wave-particle duality is apparently thus far the only rational 
interpretation that is completely consistent with the classical physical images. It eliminates 
completely the conflict between the corpuscular and the wave nature of matter and allows a 
deeper understanding of the quantum phenomena. 
Naturally, one can find similarities of this interpretation with other well-known interpretations of 
quantum mechanics [20-26]. One can, for example, see certain parallels between the creation-
annihilation process and the collapse of the wave function considered by the Copenhagen and a 
number of other interpretations. 
We know of no theory that is based on relations (2), (3), (5) and (12) - (14), (16) and that would 
argue that all quantum particles are temporary formations permanently being created in a 
continuous wave field and disappearing due to their spontaneous decay. For this reason, we 
cannot identify quantum particles (e.g., photons) with solitons because the latter are always 
considered long-lived field formations and therefore cannot explain wave-particle duality. 
We note that the proposed interpretation not only explains (as does most of the known 
interpretations) the nature of photons and other quantum particles, and the nature of the wave-
particle duality, it also points to possible directions for further development of quantum theory. 
In particular, it points to the principal possibility of building a classical field theory from which 
quantum mechanics follows as an approximation, focusing on the dynamics of not the field but 
its bursts - photons, electrons, etc. Within the limits of this concept, it is necessary to find 
nonlinear field equations satisfying the following conditions: (i) the approximate (linear) form of 
these equations must be the known wave equations (Maxwell equations, Schrödinger equation, 
etc.); (ii) these equations must predict multiple instabilities in a flat wave; it should disperse into 
a set of bursts that are interpreted in experiments as particles (e.g., photons); (iii) each burst must 
transport a certain energy and momentum; (iv) the bursts should be unstable temporary 
formations, and after some time should decay spontaneously, after which the process of creation-
annihilation of new bursts is repeated; (v) the relations (2), (3), (12) - (14) and the kinetic 
equations (5) and (16) should follow from the field equations. 
In conclusion, we note that the proposed interpretation of the wave-particle duality is of great 
importance for photonics in general and, in particular, for the theory of quantum computation, as 
an understanding of the nature of objects such as photons allows understanding of the real 
abilities of quantum computing and, in general, operations with individual photons. 
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